Background--Exercise can trigger sudden cardiac arrest. Early initiation of cardiopulmonary resuscitation and automated external defibrillator use by laypersons could maximize the survival rate following exercise-related out-of-hospital cardiac arrest (OHCA).
A lthough exercise plays an important role in preventing chronic heart disease and maintaining good health, 1 recent studies have reported a transient rise in the incidence of acute myocardial infarction and sudden cardiac arrest during strenuous exercise. [2] [3] [4] Consequently, improving bystander response and survival following exercise-related cardiac arrest are critical public health issues. Out-of-hospital cardiac arrest (OHCA) during exercise is likely to be a witnessed event; therefore, early initiation of cardiopulmonary resuscitation (CPR) and automated external defibrillator (AED) use by bystanders could be critical in maximizing patient survival following cardiac arrest. [5] [6] [7] [8] In Japan, AED use by nonmedical persons for patients with OHCA has been legal since July 2004. The number of publicaccess AEDs has rapidly increased, with >360 000 devices located throughout Japan in 2012 (including 25 000 in Osaka Prefecture). 9 Previous studies suggested that the nationwide dissemination of public-access AEDs allowed early defibrillation by bystanders, leading to increased survival rates after OHCA. 10, 11 Nevertheless, in the era of the public-access defibrillation (PAD), we identified no published studies of the long-term effects of bystander CPR and public-access AED on the outcome of exercise-related OHCA. Furthermore, improved understanding of the characteristics of patients with OHCA and prehospital factors related to outcome following OHCA during exercise could be instrumental in planning appropriate preventive strategies in the community setting. The Utstein Osaka Project is a large prospective population-based cohort study of patients with OHCA, covering Osaka Prefecture, the largest prefecture in western Japan, with 8.8 million inhabitants and spanning an area of 1892 km 2 . 12 Using this registry, we investigated the trends in OHCA incidence rate, patient characteristics, prehospital interventions by bystanders, and outcomes of exercise-related OHCA. To emphasize the epidemiological characteristics of exercise-related OHCA, we compared the characteristics of patients with exercise-related and non-exercise-related OHCA to identify differences.
Methods Study Design
Data registration of the Utstein Osaka Project was conducted according to the international Utstein Style guidelines, which are utilized worldwide as a standardized guideline for reporting outcomes of cardiac arrest. 13, 14 Cardiac arrest is defined as the cessation of cardiac mechanical activity and confirmed by the absence of signs of circulation. The arrest was assumed to be of cardiac origin unless a noncardiac cause was confirmed; noncardiac causes include external causes (suffocation, hanging, fall, drowning, traffic injury, drug overuse, and unclassified external causes), respiratory disease, malignancy, or stroke. 13, 14 According to the hospital medical records, noncardiac causes were defined clinically by the physicians in charge, in collaboration with emergency medical service (EMS) personnel. All survivors of OHCA were followed up for up to 1 month after the event by the EMS providers in charge, to assess survivor neurological outcome. Information from input data forms were transferred and integrated into the registration system at the Information Center for Emergency Medical Services of Osaka. The data were then checked by the investigators, and when incomplete data were identified, EMS personnel in charge were asked to complete the data forms.
EMS System in Osaka
Detailed characteristics of the EMS system in Osaka Prefecture have been described elsewhere. 15, 16 Briefly, in Osaka, there are 34 fire stations with emergency dispatch centers operating a 24-hour EMS system. Of these, 32 stations are single-tiered (paramedics only) and 2 are 2-tiered (paramedics and physicians). Following a 119 call (the emergency telephone number for calling the ambulance service or fire department in Japan), the emergency dispatch center sends the nearest available ambulance to the call location. Protocols for care of those with OHCA are basically uniform among the EMS systems in Japan and follow the Japanese resuscitation guidelines. All EMS personnel perform CPR on victims, according to the Japanese CPR guidelines. 17 Generally, prehospital termination of resuscitation by EMS personnel is not permitted because do-not-resuscitate orders (or living wills) are not permitted in Japan. Excluding cases of decapitation, incineration, decomposition, rigor mortis, or dependent cyanosis, EMS personnel attempt resuscitation for all patients with OHCA and transport the patients to hospitals and register them in the Utstein Osaka Project.
Data Collection
We obtained the following data items from the registry for this study: age, sex, location of cardiac arrest, activities at the time of cardiac arrest, cardiac arrest witness, history of ischemic heart disease, ability to perform activities of daily living (ADLs) before cardiac arrest, first documented cardiac rhythm, dispatcher instruction, initiation of bystander CPR, PAD, time from collapse to patient contact with EMS
Clinical Perspective
What Is New?
• This study evaluated the long-term changes in the frequency of bystander cardiopulmonary resuscitation and publicaccess defibrillation on the outcome of exercise-related outof-hospital cardiac arrest.
What Are the Clinical Implications?
• The incidence rate of exercise-related outof-hospital cardiac arrest in Osaka Prefecture has increased, although it remained low during the 8-year study period.
• The significant increases in bystander cardiopulmonary resuscitation and public-access defibrillation were associated with a substantial improvement in neurologically intact survival after exercise-related outof-hospital cardiac arrest.
• Neurologically-intact survival following exercise-related outof-hospital cardiac arrest can be very high if bystanders recognize the cardiac arrest, phone the emergency response number, begin bystander cardiopulmonary resuscitation and use an automated external defibrillator before the arrival of emergency medical service personnel.
personnel. Outcome data, including prehospital return of spontaneous circulation, 1-month survival, and 1-month neurological status after OHCA, were also obtained. 
Key Group Definition
In the Utstein Osaka Project, patient activities at the time of cardiac arrest were recorded by the EMS personnel in charge according to 6 categories (ie, exercising, bathing, working, sleeping, unspecific activities, and unknown) based on interviews with bystanders at the scene. Except for unknown cases, activity that could not be considered exercising, bathing, working, or sleeping, was labeled unspecific activities by the EMS personnel. In this study, OHCA cases associated with exercise at the time of arrest were labeled exerciserelated OHCA. The remaining cases were labeled nonexercise-related OHCA.
Outcome Measures
The primary outcome measure was 1-month survival with favorable neurological outcome, defined as cerebral performance category 1 or 2. 13, 14 The secondary outcome measures were prehospital return of spontaneous circulation and 1-month survival after OHCA.
Statistical Analysis
For all eligible patients, the annual incidence rates (per 1 million population) of exercise-related and non-exercise-related OHCA were calculated separately, and a Poisson regression model was applied for trend analysis. Subsequently, because witnessed cardiac arrest is a strong prognostic indicator, we conducted the following analyses focusing on bystanderwitnessed patients with OHCA. First, the changes in the proportions of patients receiving basic life support (bystanderinitiated CPR and PAD) and the outcome measures after an OHCA during the study period were evaluated using the 
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Results
Trends in Incidence Rate Figure 1 shows the selection of patients with OHCA of presumed cardiac origin in Osaka Prefecture during the 8-year study period. A total of 31 030 OHCA patients of cardiac origin were recorded during the study period, and 0.7% (222/ 31 030) were exercise-related OHCAs. Of these, 83.8% (186/ 222) were witnessed by bystanders. Table 1 shows the annual number and incidence of exercise-related and nonexercise-related OHCA of cardiac origin. Overall incidence rates of exercise-related and non-exercise-related OHCA were 3.1 and 435.2 per million population, respectively, during the study period. The annual incidence rates per million population significantly increased for both exercise-related Patient Characteristics Figure 2 shows the trends in the proportion of patients sustaining a bystander-witnessed OHCA of cardiac origin who received bystander-initiated CPR and PAD during the study period. Outcomes After OHCA Figure 3 shows the trends in the outcomes after bystanderwitnessed OHCA of cardiac origin during the study period. Table 3 shows the association between prehospital factors and 1-month survival with favorable neurological outcome 
Discussion
This study revealed that the proportion of patients with exercise-related OHCA receiving bystander-initiated CPR and PAD considerably increased over the 8-year study period and was associated with a significant improvement in patient survival. Because exercise-related OHCA is more likely to be a witnessed event and associated with ventricular fibrillation, 6 widespread dissemination of PAD programs-emphasizing the implementation of bystander-initiated CPR as well as AED use to achieve rapid defibrillation [18] [19] [20] -should be effective in improving patient survival. In Osaka Prefecture, the number of the persons in the general population receiving any form of CPR training increased from 112 000 to 170 000 during the study period. 21 Furthermore, since the implementation of AED deployment in public locations in July 2004, the cumulative number of public-access AEDs increased, reaching >25 000 devices in 2013. 9 Our findings confirmed that the PAD programs in Osaka Prefecture were effective in improving outcomes of exercise-related patients with OHCA. In the present study, 40% of exercise-related OHCAs occurred in sports facilities; this was lower than the incidence reported previously (ranging from 52% to 58%). 6 exercise-related indoor sites. 7 Our results also showed that patients sustaining OHCA in sports facilities had a higher chance of survival than patients sustaining OHCA in other locations. The Japanese Circulation Society guidelines 27 recommend placing public-access AEDs in locations where the risk of OHCA occurrence is high, and these include sports facilities. Our recent research also revealed that the proportion of public-access AED pad application to patients with OHCA was high in sports facilities. 28 The accessibility of AEDs in sports facilities, possibly in combination with the presence of well-trained staff, may have resulted in good patient outcomes following OHCA. This study, however, found that a considerable proportion of OHCAs occurred outside sports facilities; therefore, there is room for improvement in public AED deployment to enable rapid defibrillation in different settings. A potential strategy would be the continued expansion of AED placement in locations where people tend to exercise, such as athletic fields, schools, public parks, and popular jogging trails. Furthermore, public education to increase awareness also has an important role in improving bystander CPR and PAD. Patients with bystander-witnessed, exercise-related OHCA were substantially more likely to survive with a neurologically favorable outcome compared with patients sustaining nonexercise-related OHCA (44.1% versus 7.5%). This finding could be explained by a number of well-established prognostic factors for OHCA, such as a shockable rhythm on presentation, younger age, better ADLs before OHCA, bystander CPR and PAD, and shorter EMS response time. Nevertheless, multivariate analysis showed that even after adjusting for these variables, exercise-related OHCA was still significantly associated with better neurological outcome. This finding Time from collapse to contact with patient by EMS, min, median (IQR) 9.0 (6-12) 9.0 (7 suggests the existence of other exercise-related variables that may have a positive impact on resuscitation outcomes. A previous study in The Netherlands reported similar results, and the authors suggested that improved survival in patients with exercise-related OHCA was related to the cardioprotective effects of regular exercise and the higher arousal status of the sympathetic nervous system. 29 Consistent with previous reports, 6, 22, [29] [30] [31] the majority of exercise-related OHCAs among the general population were observed in men. The reasons for these differences between the sexes could not be determined from our data and may result from variations between men and women in exercise participation rates and duration or level of exertion during each exercise session. Sex-related differences in the prevalence of underlying causes and later onset of coronary heart disease in women may also explain this finding, 32,33 as male sex may be an independent risk factor for cardiac arrest. The present study demonstrated that the incidence of exercise-related OHCA in Osaka Prefecture was low (3.1 per million population during the overall study period), representing a small subset of the overall OHCA burden (0.7% of all OHCA patients). Reports indicate that the incidence rate of exercise-related OHCA among the general population varies according to study location: 22 (per million population per year) in the United States, 21 in The Netherlands, 6 in England, 5 in France, and 1 in Germany. 6, 22, [29] [30] [31] These figures, however, cannot be directly compared with those in our study, owing to differences in participant ethnic distribution, exercise participation rates, target age range, study period, methodology for selecting the study population, and definition of exercise-related OHCA. Although there is no standard definition of exercise-related cardiac arrest, most studies have focused on cardiac arrests occurring during exercise or up to 1 hour following cessation of physical activity. 34, 35 In the Utstein Osaka Project, however, patient activities at the time of arrest (exercise-related or nonexercise-related) were evaluated by the EMS personnel in charge on the basis of an interview with bystanders at the scene. Consequently, the exercise-related OHCAs in our study were limited to cardiac arrests occurring during exercise. Previous studies estimated the proportion of cardiac arrests occurring during sports activities as ranging from 66% to 92% of all exercise-related arrests; 6, 22, 30, 31 therefore, the exerciserelated OHCA incidence rate in our study may be an underestimation.
Limitations
This study has several inherent limitations. First, we did not obtain information on several factors that could affect OHCA occurrence and outcome in this Utstein Style registry. This information would include the type of exercise that patients participated in at the time of cardiac arrest, exercise intensity, frequency of habitual exercise, and details of dissemination of public-access AEDs in the study area, as well as past medical history, medication, and other life habits. Second, our study area was limited to a single densely populated area in Japan consisting of multiple metropolitan centers; therefore, results may not be generalizable to other areas worldwide. Considering that the popularity of specific sports, the population composition, and other environmental circumstances vary in different communities or nations, the pattern of OHCA occurrence could also differ; therefore, further investigations using data from other communities worldwide are needed to confirm our findings. Finally, data uncertainty, validity, integrity, and ascertainment bias were also possible sources of bias in this study. The classification of presumed cardiac arrests, for example, was determined by exclusion diagnosis; therefore, the specific cause of the arrest could not be determined with certainty. Nevertheless, the large sample size, covering all OHCA patients in Osaka Prefecture, and the adoption of the standardized data format based on the Utstein Style reporting guidelines 13,14 minimized potential bias.
Conclusions
In recent years, the rates of exercise-related OHCA in the target population have increased, although the incidence remained low overall. The significant increases in CPR and use of public-access AED defibrillation by bystanders were associated with substantial improvement in patient outcome after exercise-related OHCA.
